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In this issue of EuroIntervention are two studies that provide novel 
findings relevant to the field of coronary physiology. The first of 
these studies by Fujimori et al explores the potential of the saline-
induced Pd/Pa ratio (SPR) to identify ischaemia as quantified by 
fractional flow reserve (FFR) in patients with stable coronary 
artery disease (SCD)1.

Article, see page 898

The second of these studies, by Xaplanteris et al, determines the 
evolution of FFR values in intermediate-severity stable coronary 
lesions, as assessed in patients returning to the coronary catheter 
laboratory for repeat physiological stenosis assessment2.

Article, see page 907

Although these studies are at different ends of the maturation 
spectrum (the first introducing a new physiological index and the 
second providing evolutional data on the well-established FFR), 
both are united by the common theme of supporting the more 
widespread use of functional stenosis assessment in patients with 
SCD.

LOW VISCOSITY, HIGH YIELD? SALINE-INDUCED Pd/Pa 
RATIO PREDICTS THE FUNCTIONAL SIGNIFICANCE OF 
CORONARY STENOSIS ASSESSED USING FFR
Despite the strong evidence base to support the use of FFR-guided 
revascularisation decision making, the adoption of FFR in clinical 

practice remains stubbornly low3. Multiple factors contribute to 
this. Paramount amongst these is the strength of belief that still 
persists in the oculostenotic reflex as a reliable marker of ischae-
mia detection. However, more practical issues around the avail-
ability and cost of adenosine and patient side effects associated 
with pharmacological hyperaemia also contribute.

In the manuscript by Fujimori et al, the authors provide an inter-
esting alternative to both resting and hyperaemic stenosis assess-
ment, namely the SPR. By use of an intracoronary bolus of saline 
administered at a rate of 2 mL/second for a duration of either five 
heartbeats (SPR-5) or three heartbeats (SPR-3), the authors were 
able to demonstrate a transient and rapid decline in distal coro-
nary pressure (Pd) that occurred quicker than would be expected 
if arising from hyperaemia. Following a plateau period, the Pd was 
gradually noted to return to baseline. With the aortic pressure (Pa) 
remaining largely unchanged, the dip in Pd resulted in a lowering 
of the trans-stenotic pressure ratio (Pd/Pa), providing a potential 
hyperaemia-independent index of physiological stenosis assess-
ment. In 414 stenoses from 331 patients, the authors demonstrated 
strong correlations between SPR-5 or SPR-3 and FFR (R=0.941, 
p<0.001, and R=0.933, p<0.001, respectively). Tests of reproduc-
ibility were also good – an important consideration for any index 
wishing to be used in clinical practice. Overall, the authors dem-
onstrated a classification agreement (“diagnostic accuracy”) of 



850

EuroIntervention 2
0
1
8

;14
:8

4
9

-8
51

SPR-5 with FFR of 86.3%. The take-home clinical message is 
that SPR has the potential to decrease the need for adenosine in 
FFR-based catheter laboratories by up to three quarters. Crucially, 
unlike the logistically similar contrast-FFR (cFFR) approach, 
the use of saline as an adjunctive agent avoids the potential for 
increased quantities of contrast media.

The authors are to be congratulated on their excellently con-
ducted comparison between SPR and FFR for functional stenosis 
assessment. However, the sole use of FFR as the gold standard 
measure of ischaemia presents a limitation to their study that 
should be addressed by subsequent investigation. Specifically, 
further insight into the ischaemia-detecting capabilities of SPR 
should be elucidated by additional comparison with other markers 
of ischaemia such as instantaneous wave-free ratio (iFR), coro-
nary flow reserve or non-invasive positron emission tomography 
(PET). Secondly, when considering the potential clinical applica-
bility of SPR, owing to the transient physiological state induced 
by saline infusion, SPR is not able to provide a pressure wire pull-
back assessment. As the complexity of SCD continues to increase, 
the ability of a physiological index to quantify individual stenosis 
severity along the length of a diseased coronary artery will prob-
ably become critically important in the planning of physiologically 
optimised revascularisation strategies4.

However, the main point of interest of this study comes when 
deciding where SPR sits in the spectrum of coronary pressure-
based physiological indices. At one end of this spectrum you have 
the true resting indices such as whole-cycle Pd/Pa and iFR. In the 
middle of the spectrum you have the sub-maximal hyperaemic 
index of contrast FFR (cFFR). At the extreme end of the spectrum 
you have FFR - whose experimental basis is predicated on the 
attainment of maximal hyperaemia5. As the authors elude to, the 
proposed low-viscosity mechanism of SPR does not fit neatly into 
this classification. This fascinating proposal requires more inves-
tigation to appreciate fully how SPR works, and exactly what it is 
measuring.

STABLE IS STABLE – CORONARY LESION PROGRESSION AS 
ASSESSED BY FFR AND ANGIOGRAPHY
Xaplanteris et al provide novel data on the progression of coronary 
lesions in patients with SCD, assessed both angiographically and 
also physiologically with FFR2. From a selected population of 331 
patients returning to the catheter laboratory for clinically driven 
repeat FFR measurement, the authors explore the natural history 
of intermediate lesions using FFR as an endpoint.

Over a median time period of 24 months (17-37 months), the 
change in percent diameter stenosis was just 2% (-5%-11%) and 
the rate of change of FFR was just -0.007 (-0.028, 0.10) per year. 
Considering the variability that exists in any physiological index 
upon repeated measurements, as well as the variability resulting 
from different methods of adenosine administration, the results are 
highly supportive of the stability of coronary lesions in stable coro-
nary artery disease. Although this stability was true at the popula-
tion level of the study, at the patient level certain individuals did 

experience large fluctuations in their FFR value upon follow-up 
assessment. Such findings emphasise the value of repeat physio-
logical assessment as part of a holistic approach to patients with 
persistent stable angina symptoms.

RUNNING BEFORE WE CAN WALK?
Common to both studies are questions that remain concerning 
the underlying physiological mechanisms to explain the results 
reported. Specifically, without combined coronary pressure and 
flow data, it is not possible to investigate microcirculatory func-
tion. Particularly in the case of FFR, whose action is dependent on 
maximal vasodilatation of the microcirculation, the unmeasured 
effects of microvascular disease are especially relevant. As inter-
ventionalists, we must strive to consider (and investigate) myocar-
dial ischaemia in terms beyond those simply of coronary pressure.

THE CLINICAL TAKE-HOME MESSAGES
So, how do we integrate the novel findings provided by these two 
studies into the contemporary management of patients with SCD? 
First, we must acknowledge that, for the busy interventional cardio-
logist, making sense of the growing number of indices proposed 
for physiological stenosis assessment is potentially bewildering. 
However, the clinical take-home message is simple. Whichever three-
letter acronym you choose to adopt, whether it be FFR, iFR, CFR, 
HSR (or potentially SPR), the incorporation of coronary physiology 
into routine revascularisation decision making provides a superior 
assessment of myocardial ischaemia to that of the angiogram alone.

Second, we must also acknowledge that the evidence support-
ing the “stability” of “stable” coronary artery disease is abundant. 
As Xaplanteris and colleagues have identified, there is very little 
change in functional stenosis severity over time. When assimilated 
with the clinical outcome results of FAME 2 6 and the recently 
published pooled analysis of DEFINE-FLAIR and iFR-SWEDE-
HEART7, the safe deferral of coronary revascularisation is perhaps 
the most important role for coronary physiology, whichever index 
you choose to use (Figure 1).
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Figure 1. The safety of deferral of stable coronary lesions using 
coronary physiology.
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The continuing evolution of coronary physiology
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